Current ASAE standards of heat and moisture production are based primarily on data collected nearly four decades ago. Feedstuffs, swine practices, growth rate, and lean percentage have changed considerably in that time period and have a substantial effect on both heat and moisture production. In fact, recent research has shown that high-lean gain swine are more susceptible to high environmental temperatures -partially due to increased heat production. This increase in heat production cannot be met physiologically through increased sensible heat loss (i.e. surface area); therefore, latent heat loss must increase. Furthermore, synthetic amino acids can more closely match diet composition with swine nutrient requirements, and reduce heat production and nitrogen loss. This paper reviews the genetic, nutritional, and environmental effects on heat and moisture production of growing-finishing swine, and identifies the areas that need further investigation. 
INTRODUCTION
Fifty years ago, pigs were almost exclusively raised outdoors-that practice has changed due to several factors including: food safety, manure management, handling ease, and to increase wellbeing and performance. Raising pigs indoors instead of outdoors takes a great deal of engineering and animal know-how. Many years of research have been dedicated to building design and understanding the building and animal interaction. Important criteria include understanding the interaction of the animal heat and moisture production and how these components are impacted by the changing genetics, nutrition, and thermal environment. Since the swine housing standards are based on data that dates back to 1959, a critical evaluation of the data is needed to assess the need to update these standards.
LITERATURE REVIEW
Heat production (HP) and moisture production rates (MP) constitute important criteria in the overall building design. These HP and MP values are the basis of design capacity for fans and heaters to accurately control the temperature and the moisture load in the building; this is important not only to maximize animal well-being and production, but to prolong the life of the structure. Environmental temperature and animal size effects on HP and MP values can be found in published standards books (ASAE, 2001; ASHRAE, 2001 ). The standards are based on data taken between 27 and 43 years ago (growing-finishing and breeding stock- [Bond et al., 1959] ; nursery- [Ota et al., 1975] ).
Genetic/Composition Changes
Swine production has seen significant changes in the past 50 years. Besides the production system aspects, genetic potential has changed considerably. According to the National Pork Board (2002), dressing percentage has steadily increased from 69.5% in 1960 to 73.9% in 2002. The retail meat yield has increased 5.1% from 1960 to 2000. The most significant change reported was the decrease in lard yield. In 1960, the lard yield from a carcass was 14.6 kg or 13.6% of the live weight, but by 1988, this had dropped to 4.8 kg or 1.9% of the live weight. After 1988, there was no lard yield reported. It is difficult to track production traits back farther than 10 years because either no standard measurements were taken or no information was collected for the industry. However, significant changes have occurred in the last decade. Changes in production performance statistics have been reported on four commercial breeds of pigs over a 10 year period (Table 1) (Anderson, 2002) . Holmes and Breirem (1974) were originally power equations, the equations were modified only to change the units of measure. The resulting equations, predicted FHP, and percent increase from 1936 are shown in Table 2 . Using the predicted FHP for 50 kg and 100 kg pigs from Tess et al. (1984) and Noblet (2002) , FHP has increased 19.1% in those 18 years. This is comparable to the 14.6% increase predicted earlier from the increase in lean percentage over a 10-year period. 
Feed Intake and Diet Composition Effects on Heat Production
In the most fundamental sense, if an animal consumes food it will produce additional heat. This additional heat originates from the activity of eating, digestion of the feedstuff, and absorption and utilization of the nutrients. Therefore, an ad-lib fed pig will have a higher HP than a limitfed or fasted counterpart. Close and Mount (1978) illustrated the changes in heat loss with changing temperature and feed intake ( fig. 2 ). Not only does the amount of feed change HP, so does the composition of that feed. Each component of the feed has an associated heat increment which is the heat resulting from digestion, absorption, and utilization of the feed ingredients. A diet high in fiber has a higher heat increment than a diet high in fat. The heat increment of fat (percentage of the energy converted to heat) is approximately 15%, while the heat increment of carbohydrate is 22% and protein is approximately 36%. However, these numbers are not constant and change with feeding level (below maintenance requirements) (Blaxter, 1989) . One important item to note is that if diet composition (amino acid profile) is closely matched to the pig's growth requirements, heat increment of the diet and HP of the animal will be minimized since deamination of excess amino acids results in unproductive heat generation. Because this subject is a complex one, only this brief discussion to invoke the thought process is included.
Heat Production Data in Thermoneutral Conditions
Literature data, used in the evaluation from this point on, include data only from fed (unfasted) animals. Data extracted from each paper included: author, year of publication, days of exposure to the given environment, feeding level (ad libitium or restricted feeding), calorimetry type (direct, indirect, or slaughter), number of animals used during each calorimetry run, temperature, feed intake (kg/day), body weight (kg), total heat production (W/kg), sensible heat production (W/kg), latent heat production (W/kg), and the gain (kg/day) of the animals under given temperature.
For the analysis of thermoneutral HP, the thermoneutral conditions (ideal temperature) were first calculated for each data point entered in the Data points were eliminated from the first analysis if the ambient conditions were more than 2°C higher or lower than the ideal temperature as calculated. The data were then divided into two groups, early-weaned pigs (3 -10 kg) and grow-finish pigs (10 -100 kg). The data were divided into these two weight ranges because immediately after weaning the HP (W/kg) increases as the pigs reach a full feed situation. Both sets of data are shown in Figure 3 . All regression analyses were completed using Microsoft Excel®. 
The new genetic lines represent approximately a 32% increase in HP for the early-weaned pigs.
There is a great deal of variation in the data, most likely due to the different age/weights of weaning through the years. The CIGR equation using the constant given in Pederson (2002) doesn't accurately predict HP in these early-weaned pigs. 
The new genetic lines have a maximum increase in HP of approximately 15%. However, according to this analysis there is little difference in the two groups of data at the lower end of this weight range. This is possible due to the variation in the data at the lower end and the fact that a large portion of the data at the lower end of the weight range was taken from Verhagen et al., 1988 , which is the oldest of the data in this category. The CIGR equation using the constants given in Pederson (2002) The temperature impact on HP and pig weight was analyzed using the general linear model procedure in SAS. The effect of acclimatization was not considered, due to the lack of balanced data. Using the natural logarithm of P, the effects of temperature, weight, and weight squared were all found to be significant (P<0.001). The data were again divided into two categories; prior to 1988 (representing older moderate lean growth genetics), and data reported from 1988 to the present (representing the newer high lean growth genetics). The effect of genetic potential is shown as Equations 10 and 11 and graphically in Figure 7 . 
These equations predict an increase of 8.3 to 28.7% in HP for the newer genetic lines. According to these predictions, the largest differences are seen in the higher temperatures. This seems to indicate a lower upper critical temperature of the new genetic lines of pigs. This conclusion is supported by data from Nienaber et al. (1997) who showed that the threshold temperatures of an older genetic line of pigs was 4°C higher than the newer genetic line.
Latent Heat Production
In the literature review completed to gather information for this paper, a total of nine papers out of 22 were found to have reported latent heat production rate. Four of those papers were by the same author. Latent heat production is very dependent, not only on temperature but also on the experimental setting. Whether the experiment is conducted to find the latent heat of the animal only, or whether it was intended to give the latent heat of the production setting, will yield very different results. The production setting makes an important contribution to latent heat production load to building designers, but it is difficult to determine experimentally due to the multitude of different animal facilities. Because of the lack of sufficient data and the variable experimental design, an analysis of the latent heat production could not be performed.
CONCLUSIONS
The review of literature revealed that FHP has changed 19.1% from 1984 to 2002 as a result of increased lean tissue accretion rates. Heat production of pigs under thermoneutrality during the period 1988 to 2002 was found to be 17.4% higher than that during the period prior to 1988. When all experimental temperature conditions were included, the HP increase varied from 8.3 to 28.7%, with the largest differences seen in the higher temperatures. There is a serious lack of latent heat production data for all weight ranges of pigs.
It was concluded that the swine HP and MP values are not adequate to accurately design modern swine housing facilities, and need systematic updating.
FUTURE STUDY CONSIDERATIONS
When the experiments are designed to update the swine housing standards, several questions need to be addressed by a panel of researchers. What genetic line should be used, or can lean tissue accretion rate be factored into the HP values? It was shown that lean tissue accretion rate directly impacts HP. Should the standard be split by sex? The current convention is separating out the barrows and gilts, because the gilts have a high percentage of lean tissue. What temperature range should be considered? The housing standard used a temperature range from 5 to 30°C. With very few swine facilities being built without heating, a minimum temperature of 10 or 15°C is probably sufficient. However, with a large percentage of pigs being raised in areas where the maximum temperature exceeds 30°C, a higher temperature might be appropriate. The current cooling systems include direct wetting of pigs and tunnel ventilation, so the effects of direct wetting of the pigs and various wind velocities should be considered. Because acclimation to a hot environment can dramatically change the HP, the experimental protocol should be carefully planned.
Calorimetry methods can be used to obtain the swine HP and MP data, however, field data will need to be used to supplement the moisture production data. This will ensure that the MP value reported will reflect the actual production system.
The final area of HP and MP that needs to be addressed is the lack of information available on breeding stock. Out of the 22 studies listed in the appendix, five of the studies were conducted on pigs less than 10 kg (early weaned or nursery age pigs), 16 of the studies were conducted on grow-finish pigs (20 -100 kg), and only one was conducted using pigs greater than 100 kg, which would be comprised of the breeding stock animals. 
